Abstract Cause-of-death data derived from verbal autopsy (VA) are increasingly used for health planning, priority setting, monitoring and evaluation in countries with incomplete or no vital registration systems. In some regions of the world it is the only method available to obtain estimates on the distribution of causes of death. Currently, the VA method is routinely used at over 35 sites, mainly in Africa and Asia. In this paper, we present an overview of the VA process and the results of a review of VA tools and operating procedures used at demographic surveillance sites and sample vital registration systems. We asked for information from 36 field sites about field-operating procedures and reviewed 18 verbal autopsy questionnaires and 10 cause-of-death lists used in 13 countries. The format and content of VA questionnaires, field-operating procedures, cause-of-death lists and the procedures to derive causes of death from VA process varied substantially among sites. We discuss the consequences of using varied methods and conclude that the VA tools and procedures must be standardized and reliable in order to make accurate national and international comparisons of VA data. We also highlight further steps needed in the development of a standard VA process.
Introduction
Knowledge about the distribution of causes of death in populations is essent t tial for public health planning, resource allocation and measuring the impact of interventions. However, particularly in high mortality settings, vital registration data are often missing, incomplete or inaccurate. Medicallytcertified causet oftdeath data are available only for less than onetthird of over 57 million deaths occurring worldwide annually. 1 Rapid improvement of poorly performing vital registration systems in many countries is not realistic. Although attaining good quality vital registration data should be a longtterm goal, alternative methods of ascertaining and estimating causetoft death distributions at the population level must be used in the interim.
Verbal autopsy (VA) has been widely used as a method of ascertaining causes of death in children in places where the majority of deaths occur without medical supervision. 2 There has been a growing interest in the use of VA in the context of disease surveilt t lance and sample registration systems, particularly for causes of death in adults. 3 VA is an indirect method of ascertaining biomedical causes of death from information on symptoms, signs and circumstances preceding death, obtained from the deceased's caretakers. VA has been used not only to gather data on the causetoftdeath structure of certain populations, but also in invest t tigations of infectious disease outbreaks and risk factors for certain diseases, and in measuring the effect of public health interventions. [4] [5] [6] Currently, over 35 Demographic Surveillance Sites (DSS) in 18 countries, the Sample Registration System (SRS) sites in India, and the Disease Surveillance Points (DSP) system in China regularly use VA on a large scale, primarily to assess the causetoftdeath structure of a defined population. [7] [8] [9] A standard VA tool comprises a VA questionnaire, causetoftdeath or mortalt t ity classification system, and diagnostic criteria (either expert or datatderived algorithms) for deriving causes of death. The VA process has several stages, and many factors can influence the causet specific mortality fractions estimated through this process (Fig. 1) . Although attempts have been made to standardize VA tools and procedures, the diversity of VA tools currently in use makes it difficult to compare data over time and place. 10, 11 The major objective of this paper is to critically review the current tools and practices in VA and to discuss options for further improvement of the methodology.
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Methods
We In order to provide a more current picture of VA tools, we included only the tools that are currently in use. As such, we reviewed 18 VA questionnaires and 10 causetoftdeath tabulation lists.
Results

Comparison of verbal autopsy tools VA questionnaires
The standard, format, wording and quest t tion sequence of the 18 VA questiont t naires currently used in the field differed considerably. Fourteen implemented separate forms for adults, children and neonates, while four contained quest t tions for all ages mixed on a single form. Fifteen questionnaires had both an opentended section for recording a verbatim account of symptoms, signs and circumstances leading to death, and a closed section with filter questions on the symptomatology of the disease. However, despite these variations, the key filter questions on symptoms and signs were not substantially different.
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Only the VA adult questionnaires used in the SRS site in India had a different approach emphasizing the narrative section in determining causes of death, while the SRS child and maternal VA questionnaires had a closed section on a few symptoms and signs.
9
The variation in the structure of VA questionnaires may lead to different sensitivities and specificities of the tools as open questions require the respondent to recall specifics, whereas closed quest t tions require recognition, with more information likely to be recognized than recalled. 13 However, one study showed that the sensitivity of VA using physician review for deriving neonatal causes of death from closed sections alone was lower than that from opentended sect t tions alone or opentended plus closed sections of the VA questionnaire. Sensit t tivity of verbatim and the combination of verbatim and closedtsection questions were comparable, although the latter was slightly more sensitive for a few causes of death in neonates. 14 Administration of opentended VA questions generally requires medical training to elicit appropriate symptoms and signs that are not reported spontanet t ously, whereas this is not necessary for the closed questions. Furthermore, derivt t ing diagnosis by diagnostic algorithms, particularly using automated systems, is more complex from opentended VA questionnaires than from closed ones. Typically, if a deceased person contacted a health facility during the illness leading to death, the information on the biot t medical cause of illness and treatment, recognized and registered by the caret t taker, will be captured in the opentended section of the VA questionnaire. This information is expected to vary between sites depending on the coverage and use of health services. Thus, using this information to derive causes of death int t troduces variability in the accuracy of VA between sites. However, adding the int t formation from the opentended section to the closed section for deriving causes of neonatal deaths using a computerized algorithm did not increase the agreement between causes of death reached by the algorithm and by a panel of physicians. 15 This observation may not be applicable to adult deaths as the duration of illness is often longer and the recognition of symptoms, signs and treatment is differt t ent than that of neonates.
Causes-of-death classification
The International statistical classification of diseases and related health problems, tenth revision (ICDt10) which is the mandatory level of coding for internat t tional reporting to the WHO mortality database, has 21 chapters and 2046 catt t egories of diseases, syndromes, external causes or consequences of the external causes. 16 Although all of these categories of causes of death can be diagnosed by clinical judgement and/or laboratory tests, it is impossible to define symptoms and signs for diagnostic algorithms for the complete list of causes of death. Few currently operating VA systems use the entire list of ICDt10 codes. 11 However, most VA systems use a short list for deriving diagnoses from VA. We reviewed 10 short causetoftdeath lists currently used in the field. Seven of these have separate sections for chilt t dren and adults. The number of causes included in the section for children ranged from 4 to 120, and for adults from 53 to 142. Three lists combine all ages, with the number of causes ranging from 32 to 57.
The structure of the causetoftdeath lists currently used in the field varied: three had free listing of causes of death without any subgroupings; four grouped causes of death by organ system, cont t sistent with ICDt10; and six grouped causes of death by pathophysiological mechanisms. Diagnosis of subgroups of diseases by VA is likely to be more act t curate than diagnosis of specific diseases. For example, a diagnosis of infectious and parasitic diseases derived from VA is likely to be more accurate than a specific diagnosis of malaria. Furthermore, mist t classification of malaria as pneumonia will not affect the accuracy of estimates of mortality due to infectious and parat t sitic diseases if all infectious diseases are included in a subgroup.
In ICDt10 some infections of spet t cific organs are grouped under their respective organ systems. For example pneumonia is included under respiratory disorders and meningitis under nervous system disorders. Although causes of death can be regrouped for estimating subgroup level mortality, diagnostic alt t gorithms to derive subgroup level causes of death such as infectious and parasitic diseases are difficult to derive unless all infectious diseases are grouped under this subgroup.
Algorithms to derive causes of death
Algorithms map diagnostic criteria in order to provide a systematic means of deriving cause of death from VA, and also aid in the development of the VA questionnaire. They increase the relit t ability of VA tools and allow automation of the causetoftdeath coding process. However, standardized algorithms, validated in some epidemiological sett t tings, are available only for neonatal and childhood deaths. 2 Attempts have been made to develop algorithms for selected adult causes of death.
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There is, however, a substantial gap between VA theory and practice as most field sites do not currently employ diagnostic criteria for deriving causes of death from VA. Diagnostic algorithms are available at only two sites, but their use in deriving causes of death is obligat t tory at only one site, and the algorithms are not fully developed at the other. A third site is developing algorithms for implementation using handheld pert t sonal digital assistants (PDAs).
The most widelytused approach to derive causes of death from VA is physit t cian review, in which a panel of physit t cians assigns cause of death based on clinical judgement of the information from the VA questionnaire. Typically a cause of death is reached if two physit t cians agree on an underlying cause. Thirteen sites report using this approach (23 sites did not specify the method used to derive causes of death from VA questionnaires).
Field assessment of the applica--tion of verbal autopsy tools
Many factors influence the validity of a VA tool -not just those inherent in the tool or affected by prevalence of diseases and causes of death, but also issues with the operational process of collecting and coding VA data. This section summarizes the findings of the review of the practices of the VA application in the field.
Interviewers
The educational background of VA int t terviewers varied between sites. Six sites reported using medical professionals (medical officers, nurses, medical ast t sistants), and five sites employed people with secondary education to conduct VA interviews. The remaining 25 sites did not report the characteristics of VA interviewers. All VA interviewers, part t ticularly the nontmedical ones, undert t went training in interview techniques. VA interviews may cause emotional stress to some bereaved relatives, makt t ing counselling techniques a valuable training component, though not yet a common one. 19 Some experts believe that medicallyt trained interviewers more accurately determine signs and symptoms of the deceased from VA interviews. 20 Others believe that medical knowledge may bias the result towards certain causes of death familiar to the interviewer. Sevt t eral studies suggest that wellttrained lay people can obtain accurate information when using culturally and linguistically appropriate questionnaires. 18, 21, 22 Large numbers of interviewers may produce diverse results, and the interviewer's gender and ethnic background in relat t tion to respondents can also influence the outcome. 20 The choice of interviewer should be adapted to the local commut t nity, but the characteristics and training of interviewers used in various sites should be standardized.
Respondents
Most sites reported identifying as the ret t spondent a relative who had taken care of the deceased during the final illness. Howt t ever, the process of identifying an approprit t ate respondent is not formalized. Few sites reported interviewing friends or neighbours if a caretaker was not available.
There is limited information on the effect of respondents' characteristics on the accuracy of VA tools. One study that examined the effect of age, sex, relationship and language of the ret t spondents found no significant effect of these variables. 18 However, the accuracy of the verbal autopsy tool improved if the respondents had taken care of the deceased during the final illness. Cult t tural and societal factors must be taken into account when choosing the most appropriate respondent. For example, female respondents may be preferred for a maternal mortality survey. 23 However, one study reported societal constraints on women reporting intimate details of the deceased's gynaecological history to a male interviewer without permission from the family head. 23 The process of identifying appropriate respondents for VA interview needs to be standardized taking cultural factors into account.
Recall period
Currently, a wide range of recall periods from the time of death is used in VA. Some perform interviews as soon as post t sible after death, while others visit the household of the deceased after a minit t mum of four weeks to allow an adequate mourning period. The maximum recall period varied between the sites from six months to an indefinite amount of time.
A long recall period is likely to impair a respondent's ability to recollect and report relevant information. Howt t ever, inadequate time for mourning may cause distress and influence a respondent's willingness and ability to engage in a VA interview. 20 A recall period ranging from 1 to 12 months is generally thought to be acceptable. 18, 24 One validation study showed no significant effect on sensitivity or specificity using differences in recall period length of one to 21 months. 18 The effects of recall period may differ between VAs concerning children and adults, and those investigating sudden or unexpected deaths. The differences in the recall period may influence the validity of the VA tool, and thus affect comparisons of VA data between sites. Further work is needed to define the acceptable recall period and to harmonize the recall period used between sites.
Language
In order to minimize misreporting, the questionnaire should ideally be written in the local language. In one validation study, using a language other than the mother tongue did not affect the sensit t tivity and specificity of VA. 18 However, the agreement between VA and the gold standard estimates of causetspecific mortality fractions was stronger if ret t spondents spoke the same language used in the questionnaire. 18 Multiple translators should be int t volved in the translation of VA questiont t naires, ideally medicallyttrained persons familiar with both health terms and the local language (Yoder S, Macro ORC, personal communication). Sometimes no written form exists for indigenous languages, or several languages are spoken in a small area. 18, 23 In these cirt t cumstances, interviewers must be able to translate freely and incorporate local phraseology. In addition to the nuances of language, local concepts of health and disease may differ considerably between cultures. Questionnaires should also be fieldttested in order to gain information to optimize layout, language and local biomedical concepts.
Analytical challenges Deriving causes of death from verbal autopsy results
There are several approaches to derive cause of death from VA: physician review, predefined expert algorithms, and datat driven algorithms. The most widelyt used approach is physician review. The validity of physician review of VA has been tested in children and adults, and shown to have reasonable sensitivity and specificity for selected causes of death. 2, 11, 14, 17, 21, 22, [25] [26] [27] However, the repeatability of causes of death derived by physician review is low. 28 Although intertobserver agreement is shown to be high in some studies, this may simply reflect consistency in physicians' prior knowledge of the local epidemiology. 28 This technique tends to reach a single cause even if a death is very likely due to multiple causes. Only a minority of VAs (13%) assigned more than one cause of death by physicians, while 25% of these deaths had two causes recorded in host t pital. 29 In a study comparing physician review to algorithmtbased causetoftdeath assignment, only 11% were assigned more than one cause of death by physit t cian review, while 58% of deaths were assigned multiple causes by algorithms. 15 Ascertaining causes of large numbers of deaths by physician review is both timet consuming and costtineffective. 30 Algorithms would increase the relit t ability of VA tools and allow automation of the causetoftdeath coding process. Expert algorithms are predefined diagt t nostic criteria agreed to by a panel of physicians. This approach overcomes the inconsistencies of physician review, and can reduce the cost and time needed for deriving diagnoses from VA. The validt t ity of expert algorithms varies, and for many adult causes of death they do not perform as well as physician review. 31 A Bayesian approach to defining the probability of a given cause of death in the presence of a particular symptom or sign could improve the performance of expert algorithms. 30, 32 A model for selected causes of death using this apt t proach showed a 90% concordance with causes of death derived by physician review. 32 However, this approach has not been validated against a gold standard such as diagnoses from hospital records. (In some cases medical records are subt t ject to bias and the quality is disputable -therefore some VA experts prefer to call medical records "reference standard" instead of "gold standard". 11 ) Datatderived algorithms are another potential alternative to expert algorithms. The choice between the various analytical techniques to derive causes of death based on linear and other discriminant techniques (logistic regression), probability density estimation, and decision tree and rulet based methods (including artificial neural networks) depends on the intended use. 33 The arguments in favour of datatderived methods include their relatively low cost and potentially high reliability and consistency over time and between sites. Although the reported validity of datatderived algorithms was comparable to physician review in some studies, the same datasets were used both to generate and validate the algorithms. 34 Arguably, the validity of datatderived algorithms is underestimated because these use only the closedtended sections of the VA questiont t naire, while physicians usually use both closedt and opentended responses. Physit t cians may also use information on drugs and reported hospital diagnoses when deriving causes of death. If datatderived algorithms are to be applied on a large scale, further research and validation against external data sets are needed.
Single or multiple causes of death
Using multiple rather than single causes of death probably more accurately reflects the interaction of different diseases that lead to death. 10 For instance, if a fatally ill child suffered from diarrhoea and an acute lower respiratory infection, it is likely that it was the combination of the two that ultimately led to death -curing or preventing one may have prevented the death. 2 To count only one cause of death would distort mortality estimates and hence underestimate potential gains from health interventions. 10 This is particularly true among children and older age groups in which cotmorbidity is common.
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Verbal autopsy lying and contributory causes are defined in ICDt10. 16 The causetspecific mortality fraction should be primarily based on the underlying cause of death as defined in ICDt10. Assessment of multiple causes of deaths based on underlying and cont t tributing causes of death would still be possible. However, the causetoftdeath categories used by VA studies have been inconsistent. While some classify accordt t ing to the ICDt10 definition, others use classes such as primary or secondary, main or underlying cause of death. The method of classifying cause of death should be harmonized between VA systems accordt t ing to the ICDt10 rules.
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Accuracy of the mortality data from VA systems Several studies have attempted to assess the validity of VA tools. 14, 17, 21, 22, 25, 27, 35 All validation studies except one have used causes of death based on medical records as the "gold standard". 25 Most studies have estimated the sensitivity and specificity of VA, but few studies have ast t sessed the agreement in the causetspecific mortality fraction (CSMF) between the gold standard and VA diagnoses. The sensitivity and specificity of VA varied by cause of death and between sites for the same causes.
VA is considered to have an act t ceptable level of diagnostic accuracy at the individual level if the sensitivity and specificity are at least 90%. At the population level, the VA is deemed to have reasonable diagnostic accuracy if sensitivity is at least 50%, specificity at least 90%, and the CSMF is within 20% of the true value. 31 However these criteria of diagnostic accuracy are not uniformly regarded as acceptable. 18 Low sensitivity and specificity does not necessarily imply that VA estimates of CSMF are overt or underestimates, as false positives and false negatives may cancel each other out, thereby not affectt t ing the VA estimate. 17, 36 On the other hand, even in the presence of relatively high sensitivity and specificity, misclast t sification can result in serious overt or underestimates of CSMFs. 36, 37 This is bet t cause the accuracy of VA estimates depends not only on sensitivity and specificity, but also on the true underlying CSMF itself. 36 If the true specificity and sensitivity are known, the difference between the true CSMF and that estimated by VA can be calculated and the effect of misclassificat t tion on the VA estimates corrected. Howt t ever, reported sensitivity and specificity levels are estimated from hospitaltbased validation studies where the underlying causestoftdeath structure is likely to be different from that of the general population. 36, 37 As VA is primarily needed in communities with restricted act t cess to secondary or even primary care, applying values from hospitaltbased patient populations is inappropriate for correcting misclassification in areas with an unknown causestoftdeath structure. 17 Thus, at present it is not recommended to adjust for misclast t sification using sensitivities and specificities from validation studies. 
Measuring trends
Data from different geographical areas may not be comparable due to the use of heterogeneous VA tools, though this problem could be overcome by standardt t izing the tools and field procedures. Mist t classification, and varying misclassificat t tion patterns across time and location, can mask or exaggerate geographical differences in causetspecific mortality and modify trends over time. 37, 38 The complex relationship between sensitivt t ity, specificity and the underlying CSMF must be taken into account if trends in CSMF are to be measured by VA. 36, 37 Maude & Ross introduced two models to correct the effect of misclast t sification on differences in causetspet t cific mortality estimates across time and space. 37 However, these models require values of true sensitivity and specificity for correcting the effects of misclassificat t tion. One study attempted to overcome the lack of data from the community level by using the average sensitivity and a logical constraint factor to the specifict t ity of VA from seven validation studies to adjust VA estimates of malaria mortality from 28 different sites in subtSaharan Africa. 38 This method is based on the following assumptions: 1) variation in the sensitivity of VA due to differences in the VA tool and procedures, malaria endemicity and distribution of causes of death is negligible. 2) the relationship between the specificity of VA and CSMF of malaria is linear and approaches 100% as malaria mortality reaches 0%. However, only seven data points were available to validate these assumptions. More validation studies in different epit t demiological settings are needed.
Sample size is another challenge in measuring trends with VA. Detecting trends in CSMF requires large sample sizes, depending on the sensitivity and specificity of VA, CSMFs, and changes in the CSMF of the prevailing causes of death. Many DSS do not cover populat t tions that are large enough to detect significant differences in CSMF within reasonable time frames. 37, 38 The way forward Over the past decade the VA process has become widely used as a method to determine causes of death among various age groups in places where the majority of deaths occur without medical supert t vision. However, the various limitations of this method, discussed in this paper, must be overcome in order for VA data to be used for international comparisons. The introduction of a uniform and relit t able method to derive causes of death and standardization of the VA questiont t naires and fieldtoperating procedures are important steps towards further improvement of the VA process.
There are many ongoing attempts to harmonize and collaborate. In a recent WHO consultation on VA, 11 the majort t ity of experts agreed on the need for a standardized questionnaire with separate components for deaths of neonates, children and adults. The adult VA quest t tionnaire should include all closedtended questions needed to ascertain maternal deaths. The panel also agreed that a VA questionnaire with both an opentended section and closed sections with filter questions is preferable, and information from both sections should be used to maximize the accuracy of VA. For comt t parisons across locations and over time, there is also a need for a standardized causetoftdeath classification that lists globally important causes and relates them to ICDt10 codes. 11 A list of prot t posed causetoftdeath classifications for VA can be obtained from the authors. Further consensus and agreement on VA tools, in particular algorithms to derive causes of death and the content of VA questionnaires, is urgently needed.
Conclusions
The major focus of causetoftdeath analysis has shifted from global and regional estimates to national and subnational estimates for monitoring the progress towards the Millennium Development Goals and providing evidence for backing national policies. In many middlet and especially lowtint t come countries, VA is the only method currently available to obtain estimates of the distribution of causes of death.
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Resumen Autopsias verbales: práctica y retos
Los datos sobre causas de defunción obtenidos a partir de autopsias verbales (AV) son usados con creciente frecuencia con fines de planificación de la salud, establecimiento de prioridades, seguimiento y evaluación en los países con sistemas de registro civil incompletos o inexistentes. En algunas regiones del mundo es el único método disponible para poder estimar la distribución de las causas de mortalidad. Hoy día el método de las AV se utiliza sistemáticamente en más de 35 lugares, sobre todo en África y Asia. En este artículo presentamos un panorama general del sistema de las AV y los resultados de un análisis de los instrumentos de AV y los procedimientos operativos utilizados en los sitios de vigilancia demográfica y los sistemas de registro de estadísticas vitales por muestreo. Solicitamos información a 36 sitios sobre el terreno acerca de los procedimientos operativos y examinamos 18 cuestionarios de autopsia verbal y 10 listas de causas de defunción usadas en 13 países. El formato y el contenido de los cuestionarios de AV, los procedimientos operativos sobre el terreno, las listas de las causas de defunción y los procedimientos empleados para calcular las causas de mortalidad a partir de las AV diferían sustancialmente de un sitio a otro. Analizamos las consecuencias de utilizar distintos métodos y llegamos a la conclusión de que es necesario normalizar los instrumentos y los procedimientos de AV y hacerlos más fiables si se desea hacer comparaciones más precisas de los datos de AV en los planos nacional e internacional. Ponemos de relieve, además, las medidas adicionales que habría que adoptar para desarrollar un procedimiento de AV normalizado.
